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WLT \#-'(&#$ LLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLL `W
WLTL: 9&$-'(1#1&'('+%),+E(#)04'(.'.Z(#)') LLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLL `W
WLTLT M%-/(#,&/*(#13&'LLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLL `W
WLTLd G3'.&C#$&')LLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLL `a
WLTLW c'$$C%$-%(.#-'(&#$&') LLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLL `a
WLTLa G/.1%-'(1(/*(#..'LLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLL `a
WLd M$$*'.'&)'+\'-3/,') LLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLL `a
WLdL: ]-'(&$&0#-&/)LLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLL `a
WLdLT Q3')/$&0&'(')+"/)+A%C$'&)0D%(') LLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLL `Y
WLdLd !-3#)/$1(DI&1&-#-&/)+"/)+A%C$'&)0D%(') LLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLL `Y
WLdLW N/)I')-(#-&/)0Z'0-&..%)*+"/)+A%C$'&)0D%(')LLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLL `Y
WLdLWL: Q3/-/.'-(&023'+J'0-&..%)* LLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLL `Y
WLdLWLT 9$%/(&.'-(&023'+J'0-&..%)*LLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLL `Y
WLW M(Z'&-')+.&-+()*'+! LLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLL ``
WLWL: ?'(B'),'-'+()*'+!+]-D..' LLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLL ``
WLWLT N%$-%(.',&')+4S(+J#C-'(&')LLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLL ``
WLWLd N%$-&"&'(%)*+"/)+()*'+! LLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLL `V
WLWLW ^'(0-'$$%)*+'$'C-(/C/.1'-')-'(+J#C-'(&')LLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLL `V
WLWLa !$'C-(/-(#)04/(.#-&/)+"/)+()*'+! LLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLL `V
WLWLY M)$#*'+"/)+]-#..C%$-%(')LLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLL `X
WLa 60/$&'(%)*+"/)+A%C$'&)0D%(')LLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLL `X





WLaLd 60/$&'(%)*+"/)+KAM+#%0+M*#(/0'*'$') LLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLL VT
WLaLdL: 5i6Mj%&2C;+@'$+!g-(#C-&/)0+N&-LLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLL VT
WLaLdLT 5i6M!k66;+@'$+!g-(#C-&/)0+N&-LLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLL VT
WLaLW 60/$&'(%)*+"/)+3/23./$'C%$#('(+KAM+<^\H=KAM>+#%0+]D%*'(I'$$') LLLLLLLLLLL VT
WLaLa 60/$&'(%)*+3/23./$'C%$#('(+KAM+#%0+\#%0023BD)I')LLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLL Vd
WLaLY 60/$&'(%)*+"/)+7AM+#%0+]D%*'(I'$$')LLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLL Vd
WLaLYL: 60/$&'(%)*+"/)+@'0#.-=7AM LLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLL Vd
WLaLYLT 60/$&'(%)*+"/)+Q/$8+<M>l+7AM+.&-+^&$4'+"/)+K8)#Z'#,0+<,E>Ta LLLLLLLLLLLLLLLLL VW
WLY \/,&4&C#-&/)+"/)+A%C$'&)0D%(') LLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLL Va
WLYL: ]1#$-%)*+"/)+KAM+.&-+7'0-(&C-&/)0')I8.') LLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLL Va
WLYLT M%44S$$')+am=SZ'(0-'3'),'(+!),') LLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLL Va
WLYLd K'13/013/(8$&'(%)* LLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLL VY
WLYLW b&*#0'('#C-&/) LLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLL VY
WLYLa 7#,&#C-&"'+\#(C&'(%)*+"/)+A%C$'&)0D%(')LLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLL V`
WLYLY 5]/%-3'()+J$/--&)*;LLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLL V`
WLYLYL: E(#)04'( LLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLL V`
WLYLYLT ^8Z(&,&0&'(%)* LLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLL VV
WLYL` A/(-3'()+E(#)04'( LLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLL VX
WLYL`L: ^8Z(&,&0&'(%)*+"/)+A/(-3'()+J$/-0LLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLL XU
WLYLV Q/$8.'(#0'+G3#&)+7'#C-&/) LLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLL X:





WLVLTL: E(&2&)=]K]+Q/$8#2(8$#.&,*'$' LLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLL XY
WLVLTLT ^'(0-'$$%)*+"/)+]'j%')I&'(*'$')LLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLL X`
WLX M(Z'&-')+.&-+'%C#(8/)-&023')+c'$$C%$-%(')LLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLL XV
WLXL: N%$-%(.',&')+%),+bO0%)*') LLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLL XV
WLXLT c'$$&)&')+%),+?&(')LLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLL XX
WLXLd N%$-&"&'(%)*+"/)+c'$$&)&') LLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLL XX
WLXLdL: Q#00#*&'(')LLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLL XX
WLXLdLT b#)*I'&-$#*'(%)*LLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLL :UU
WLXLW @')-(#)04'(+&)+]D%*'(I'$$') LLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLL :UU





WL:UL: H'0-'()Z$/- LLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLL :UT
WL:ULT ^'(0-'$$%)*+"/)+c'$$'g-(#C-')+4S(+7'1/(-'(*')=M00#80LLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLL :Ud
WL:ULd Q(/-'&)Z'0-&..%)*+<\&C(/#00#8> LLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLL :Ud
WL:ULW J'0-&..%)*+,'(+b%2&4'(#0'#C-&"&-D- LLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLL :UW
WL:ULa GME=!b6]MLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLL :UW
WL:ULY J'0-&..%)*+,'(+]!MQ=MC-&"&-D-LLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLL :Ua
WL:ULYL: ]1'C-(/.'-(&023'+J'0-&..%)* LLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLL :Ua
WL:ULYLT 5Q3/013#=b&*3-=M00#8;+"/)+E7eQ6k LLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLL :Ua
WL:UL` J'0-&..%)*+"/)+6)-'(4'(/) LLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLL :Ua
WL:: Q$#0.&,' LLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLL :UY
WL::L: !(3#$-')'+Q$#0.&,'LLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLL :UY
WL::LT ^'(*'0-'$$-'+Q$#0.&,'LLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLL :U`
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c'$$-81')+I%(+M1/1-/0'+ <E#.%(#+'-+#$L[+:XXa>L+M%4+@(%),+,&'0'(+!&*')023#4-')+ &0-+ 679=:
'&)+ &)-'('00#)-'0+ E#(*'-+ 4S(+ ,&'+ E%./(-3'(#1&'L+ K&'+H&(C%)*+ "/)+ 679=:+ CO))-'+ *')%-I-






,%(23+ 679=:=6),%C-/(')[+ =MC-&"#-/(')+ 0/B&'+ ,%(23+ 679=T=6)3&Z&-/(')+ 3'("/(*'(%4')+B'(=
,')L
TL+!7@!JA6]]! WY








-(#)0C(&1-&/)'$$'(+ MC-&"#-/(+ &0-+ %),+ 0'&)'+ H&(C%)*+ SZ'(+ ,&'+ 6),%C-&/)+ "/)+ E#(*'-*')')
#%0SZ-[+023&')+'0+0&))"/$$[+,&'+H&(C%)*+"/)+679=:+#$0+\'f1#(#.'-'(+I%+)%-I')L+A'Z')+,')
"'(023&',')')+ 6),%C-&/)0B'*')+ SZ'(+ 7'I'1-/(sb&*#),=J&),%)*+ %),+ ]&*)#$-(#)0,%C-&/)[
,&'+I%(+MC-&"&'(%)*+"/)+679=:+4S3(')[+CO))')+#%23+1/0--(#)0$#-&/)#$'+\/,&4&C#-&/)')[+,&'






9S(+ ,')+!&)0#-I+ &.+^E]+.S00')+ ]('')&)*I'$$&)&')+ Z'0-&..-'+?/(#%00'-I%)*')+ '(4S$$')[
,&'+I%.+'&)')+01'I&4&023+ 4S(+,#0+ p'B'&$&*'+]2('')&)*080-'.+0&),+%),+I%.+#),'(')+ #$$*'=
.'&)+4S(+c'$$&)&')+*'$-')[+,&'+ &.+^E]+'&)*'0'-I-+B'(,')+0/$$')L+]('')&)*I'$$&)&')[+,&'+ &)
'&)'.+^E]+#%4+679=:=6),%C-/(')+%),+=MC-&"#-/(')+'&)*'0'-I-+B'(,')+0/$$')[+.S00')+4/$=
*'),'+?/(#%00'-I%)*')+ '(4S$$')+ P+ :>+ 9%)C-&/)#$&-D-+ ,'(+ ]&*)#$-(#)0,%C-&/)0B'*'[+ ,&'+ I%(
6),%C-&/)+ "/)+ 679=:+ 4S3(')r+ T>+ E(#)0#C-&"&'(%)*+ ,'(+ 679=:=E#(*'-*')'+ ,%(23+ 679=:r+ d>
0-#(C'+M,3D(')IL+ 6.+ 4/$*'),')+B&(,+ ,&'+M%0B#3$+ '&)'(+ *''&*)'-')+ ]2('')&)*I'$$&)&'+ Z'=
023(&'Z')L
K#0+ 6)-'(4'(/)080-'.+ &0-+ &)+ ,'(+ !"/$%-&/)+ 3/23+ C/)0'("&'(-L+ J&0+ #%4+ B')&*'+M%0)#3.')




3'(+ &)+ ,'(+ 3%.#)')+ TXd=9&Z(/Z$#0-')=c'$$&)&'+ %),+ ,')+ Z'&,')+ .%(&)')+ 9&Z(/Z$#0-')=
c'$$&)&')+A6^dEd+%),+GTWd+*'-'0-'-L
9%)C-&/)'$$'+]&*)#$-(#)0,%C-&/)0B'*'+0&),+?/(#%00'-I%)*+ 4S(+,&'+MC-&"&'(%)*+"/)+ 679=:



















TXd=[+A6^dEd=+%),+GTWd=c'$$')+B%(,')+ -(#)0&')-+.&-+ '&)'.+7'1/(-'(*')C/)0-(%C-+ -(#)04&I&'(-[+ &)+ ,'.+,'(
679=:=Q(/./-/(+,#0+b%I&4'(#0'*')+('*%$&'(-L+WU+]-%),')+)#23+,'(+E(#)04'C-&/)+B%(,')+,&'+c'$$')+V+]-%),')

















































































Q(/./-/(+ 023B#23+ ,%(23+ 69A=β+ %),+ 0-#(C+ ,%(23+ 69A=γ+ &),%I&'(-L+ K&'+ 9%)C-&/)#$&-D-+ ,'(
]&*)#$-(#)0,%C-&/)0B'*'[+,&'+I%(+6),%C-&/)+"/)+679=:+4S3(')[+0&),+&)+#$$')+,('&+c'$$&)&')
*$'&23'(.#f')+"/(3#),')L
F.+ ,&'+ 9%)C-&/)#$&-D-+ ,'(+ E(#)0#C-&"&'(%)*+ "/)+ 679=:=E#(*'-*')')+ ,%(23+ 679=:+ &)+ ,')
"'(023&',')')+ c'$$&)&')+ I%+ %)-'(0%23')[+ B%(,'+ ,&'+ 6),%C-&/)+ '&)'0+ )#-S($&23')+ 6]@0
<6]@aW>+%),+'&)'0+#(-&4&I&'$$')+Q(/./-/(0+.&-+6]7!+N/)0')0%0=]'j%')I')+<6]7!66>+%)-'(=
0%23-L+ J'&,'+ Q(/./-/(')+ ')-3#$-')+ 6]7!=J&),%)*00-'$$')[+ #)+ ,&'+ 0/B/3$+ ,'(+ 6]@9d=
N/.1$'g+#$0+#%23+679=:+Z&),')+C#))L+!&)'+E(#)0#C-&"&'(%)*+,%(23+69A=β+C#))+,'.)#23
,&('C-+ SZ'(+ ,&'+J&$,%)*+,'0+ 6]@9d=N/.1$'g'0+ '(4/$*')+ /,'(+ &),&('C-+ SZ'(+ ,&'+ 6),%C-&/)
"/)+679=:[+BD3('),+'&)'+E(#)0#C-&"&'(%)*+,%(23+69A=γ+,&'+6),%C-&/)+"/)+679=:+'(4/(,'(-L
J'&+ 4%)C-&/)'$$')+ ]&*)#$-(#)0,%C-&/)0B'*')+ %),+ 4%)C-&/)'$$'(+ E(#)0#C-&"&'(%)*04D3&*C'&-
B&(,+'&)'+MC-&"&'(%)*+,'(+7'1/(-'(*')C/)0-(%C-'+,%(23+69A=β[+69A=γ+%),+679=:+'(B#(-'-[
,#+ #$$'+ ,('&+ 6),%C-/(')+ $'-I-$&23+ SZ'(+ ,&'+ *$'&23'+ N/)0')0%0=]'j%')I+ B&(C')L+ TXd=[














0'&)L+M$$'+ ,('&+c'$$&)&')+B'&0')+ ,&'0'+!&*')023#4-')+ #%4[+ #$$'(,&)*0+ I'&*')+A6^dEd=+ %),
GTWd=c'$$')+'&)'+0-D(C'('+M,3D(')I+*'*')SZ'(+TXd=c'$$')[+,&'+0&23+('$#-&"+ $'&23-+"/)+,'(
N%$-%(023#$'+#Z$O0')L





679=:+6),%C-&/) ll ll ll
679=:+H&(C%)* l <l> l
M)-&1(/$&4'(#-&"'(+!44'C- )L,L ll l
M,3D(')I <l> l l
&AL);*)/;"GFCD@MNAEICD;QKD;*c/Re;$#7/&/R;?DS;<*5/R:CHHCD










\'00%)*+ '(4#f-+ B'(,')+ CO))')L+ K'(+ c'&-1%)C-+ ,'(+ \'00%)*+ Z'&+ Q(/-'&)')+ .&-+ $#)*'(
^#$ZB'(-I'&-+ &0-+ B'&-#%0+ %)C(&-&023'(L+ !&)'+ G3#(#C-'(&0&'(%)*+ ,'0+ 6),%C-&/)0"'($#%40+ &0-
IB#(+)&23-+.O*$&23[+,#+,#0+Q(/-'&)+#CC%.%$&'(-[+,&'+6),%C-&/)+C#))+#Z'(+#%23+)/23+I%+'&=
)'.+01D-'(')+c'&-1%)C-+*'.'00')+B'(,')L




%),+ ,')+bO0%)*0.&--'$)[+ &)+ ,')')+ 0&23+ ,&'+ E'0-0%Z0-#)I')+ Z'4&),')L+ !&)+ *(/f'(+ $&)'#('(
\'fZ'('&23+ ,'0+ 7'1/(-'(*')0+ 3#-+ IB'&+ ?/(-'&$'L+ c%.+ '&)')+ B'(,')+ C'&)'+ I%0D-I$&23')





,'.+ 50-'#,8=0-#-';=@'3#$-+ ,'0+b%I&4'(#0'=Q(/-'&)0+ %),+ ,'(+.7AM+ C/(('$&'(-+ <K'+H'-+ '-









]!MQ+ &0-+ '&)'+ .'.Z(#)0-D),&*'+ #$C#$&023'+ Q3/013#-#0'[+ ,&'+ "/)+ ,'(+ Q$#I')-#+ 0'C('-&'(-
B&(,L+K&'+ #$0+7'1/(-'(*')+ "'(B'),'-'+]!MQ+ &0-+ *')-'23)&023+ "'(D),'(-+ %),+B&(,+ &)+ ,')
N%$-%(SZ'(0-#),+#Z*'*'Z')+<J'(*'(+'-+#$L[+:XVV>[+ &)+,'.+0&'+,&('C-+)#23*'B&'0')+B'(,')
TL+!7@!JA6]]! a:
C#))L+K&'+ ]!MQ=MC-&"&-D-+ C#))+ I%.+ '&)')+ 023)'$$+ %),+ '&)4#23+ ,%(23+ ,&'+ o),'(%)*+ ,'(
MZ0/(1-&/)+Z'&+WUT+).+&)+'&)'.+')I8.#-&023')+M00#8+)#23*'B&'0')+B'(,')[+,&'+Z'&+,'(
^8,(/$80'+"/)+*'Z%),')'.+Q3/013#-+,'0+]%Z0-(#-0+1#(#=A&-(/13')8$13/03#-+#%4-(&--[+I%.
#),'(')+ 0'3(+ 0')0&-&"+ ,%(23+ ,&'+\'00%)*+ ,'(+ b&23-'.&00&/)[+ ,&'+ Z'&+ ,'(+F.0'-I%)*+ "/)
G]QK+4('&+B&(,L






c%.+A#23B'&0+ ,'(+ 679=:=H&(C%)*[+ #$0+ 7'#,/%-=Q#(#.'-'(+ '&)'(+ ]2('')&)*I'$$&)&'[+ .%f
'&)+*''&*)'-'0+7'1/(-'(C/)0-(%C-+3'(*'0-'$$-+B'(,')L+K#0+7'1/(-'(*')C/)0-(%C-+0/$$-'+I%.
'&)')+.O*$&230-+0-#(C+,%(23+679=:+#C-&"&'(Z#(+0'&)[+I%.+#),'(')+)%(+'&)'+*'(&)*'+J#0#$#C=
-&"&-D-+ #%4B'&0')L+K%(23+ '&)')+.O*$&230-+ *(/f')+ 6),%C-&/)0Z'('&23+ $#00')+ 0&23+ 023/)+ &.
'(0-')+]2('')&)*+023B#23+&),%I&'('),'+"/)+0-#(C+&),%I&'('),')+]%Z0-#)I')+%)-'(023'&,')L
!&)'+ B'&-'('+ B&23-&*'+ !&*')023#4-+ &0-+ ,&'+ ]1'I&4&-D-+ ,'(+ 7'1/(-'(+ 0/$$-'+ .O*$&230-+ #%0=
023$&'f$&23+,%(23+679=:+/,'(+679=:=M*/)&0-')+&),%I&'(Z#(+0'&)L
K#0+6b=:β+C/)"'(-&'('),'+!)I8.+<6G!>+%),+,&'+&),%I&'(Z#('+Ae=]8)-3'-#0'+<&Ae]>+0&),
IB'&+ ,'(+ B')&*')+ @')'[+ ,&'+ &)+ 679=:=s==\D%0')+ )&23-+ &),%I&'(-+ B'(,')+ <N#.&p/+ '-+ #$L[
:XXW>L+K&'+6),%C-&/)+,&'0'(+@')'+&0-+0/.&-+,&('C-+#Z3D)*&*+"/)+,'(+M)B'0')3'&-+"/)+679=
:L+ K&'+ 679=:=J&),%)*00-'$$')+ #%0+ ,')+ Q(/./-/(')+ ,&'0'(+ @')'+ B%(,')+ &)+ '&)')+ ?'C-/(
&)-'*(&'(-[+0/+,#f+,&'+679=:=J&),%)*00-'$$')+aq+"/)+'&)'(+Q/$8M=]'j%')I+%),+dq+"/)+'&)'.
\&)&.#$1(/./-/(+ 4$#)C&'(-+ 0&),L+ K&'0'+ M)/(,)%)*+ *'BD3($'&0-'-+ '&)'+ .O*$&230-+ *'(&)*'
J#0#$#C-&"&-D-+ <MZZL+TL:`+M>L+K#+%)C$#(+B#([+B&'+"&'$'+J&),%)*00-'$$')+4S(+'&)'+/1-&.#$'
6),%C-&/)+ )/-B'),&*+ 0&),[+ B%(,')+ J&),%)*00-'$$')+ %)-'(023&',$&23'(+ M)I#3$+ "'(B'),'-L
K%(23+(#),/.&0&'(-'+\%$-&.'(&0&'(%)*+%),+6)-'*(#-&/)+,'(+J&),%)*00'j%')I')+')-0-#),')







6),%C-&/)+ <d=`+ 4#23>+ #%4B&'0')L+ 6.+ #$$*'.'&)')+ $&'f')+ 0&23+ ,&'+ N/)0-(%C-'+ .&-+ 679=:=














































]?WU+ Q/$8M=]&*)#$0+ %),+ ax'&)'0+ .&)&.#$')+ EN=Q(/./-/(0+ &)0'(&'(-L+ 6G!P+ 6)-'($'%C&)=:β=C/)"'(-&'('),'0
!)I8.+<G#01#0'+:>r+ &Ae]P+ &),%I&'(Z#('+Ae=]8)-3'-#0'r+^]?+ENP+.&)&.#$'(+EN=Q(/./-/(r+Q/$8MP+]?WU
Q/$8M=]&*)#$L+JP+ 6),%I&'(Z#(C'&-+ ,'(+ "'(023&',')')+7'1/(-'(*')C/)0-(%C-'+,%(23+ 679=:L+GTWd=c'$$')+B%(=






B%(,'+ ,%(23+ J'3#),$%)*+ ,'(+ c'$$')+ .&-+ 6)-'(4'(/)')+ )D3'(+ %)-'(0%23-L+ H&'+ Z'('&-0+ Z'=
023(&'Z')[+-(#)0#C-&"&'(')+69A=β+%),+69A=γ+679=:+SZ'(+,&'+J&$,%)*+"/)+6]@9d+ZIBL+@M9
%),+ 4S3(')+ 0/+ I%+ '&)'(+ &),&('C-')+ MC-&"&'(%)*+ ,'(+ 7'1/(-'(*')C/)0-(%C-'L+ GTWd+ c'$$')
B%(,')+ -(#)0&')-+ .&-+ ,')+ 7'1/(-'(*')C/)0-(%C-')+ -(#)04&I&'(-+ %),+ .&-+ 69A=β+ %),+ 69A=γ













































!&)+B'&-'('(+B&23-&*'(+ Q%)C-+ Z'&+ ,'(+ !-#Z$&'(%)*+ '&)'(+ ]2('')&)*I'$$&)&'+ &0-+ ,&'+nZ'(-(#=
*%)*+,'(+!(*'Z)&00'+"/)+b#Z/(0-#),#(,+#%4+^E]=]-#),#(,L+6.+^E]+B'(,')+\'f('&3')+&.
\&C(/-&-'(.#f0-#Z+ ,%(23*'4S3(-L+ F.+ ,&'+ '-#Z$&'(-'+ c'$$&)&'+ %)-'(+ ^E]=J',&)*%)*')+ I%
-'0-')[+B%(,')+c'$$')+#%4+\&C(/-&-'(1$#--')+#%0*'0D-+%),+.&-+ 6)-'(4'(/)')+0-&.%$&'(-+ZIBL
.&-+679=:+C/-(#)04&I&'(-L+K&'+7'1/(-'(*')#C-&"&-D-+B%(,'+,&('C-+&)+,'(+\&C(/-&-'(1$#--'+Z'=
0-&..-[+ /3)'+ ,&'+ c'$$')+ "/)+ nZ'(0-#),+ I%+ -('))')L+ K&'+ 6),%C-&/)04D3&*C'&-+ %)-'(+ ^E]=
J',&)*%)*')+ $#*+ %.+ 9#C-/(+ ,('&+ )&',(&*'(+ #$0+ %)-'(+ b#Z/(Z',&)*%)*')+ <K#-')+ )&23-+ *'=
I'&*->[+'&)'+M)B'),%)*+,'(+c'$$&)&'+&.+^E]+&0-+,#3'(+.O*$&23L
K&'+&0/$&'(-'+c'$$&)&'+.&-+,'.+7'1/(-'(*')C/)0-(%C-+6G!+:U+&0-+#$0+]2('')&)*I'$$&)&'+4S(+'&)
































,%(23+ ]'C%),D(02('')&)*080-'.'+ <MZZL+ TLTU>L+ K%(23+ ,&'+ M)B'),%)*+ ,'(+ ')-B&2C'$-')










K&'+ 01'I&4&023'+ MC-&"&'(%)*+ ,'0+ 7'1/(-'(*')C/)0-(%C-0+ C#))+ SZ'(+ "'(023&',')'+ 6),%C-&=















"&0%#$&0&'(-+B'(,')L+K&'+MC-&"&'(%)*+"/)+ 679=:+/,'(+ 679=:+ &),%I&'(Z#(')+@')')+C#))+.&-+^&$4'+ "/)+7'=





679=:=@')0+ C#))+.&-+^&$4'+ '&)'0+7'1/(-'(*')C/)0-(%C-'0+ %)-'(0%23-+B'(,')[+ &)+ ,'.+ ,'(
)#-S($&23'+679=:+Q(/./-/(+,#0+b%I&4'(#0'*')+('*%$&'(-L+N#))+)#23+J'3#),$%)*+,'(+c'$$')
b%I&4'(#0'+ )#23*'B&'0')+ B'(,')[+ 0-&.%$&'(-+ ,&'+ E'0-0%Z0-#)I+ ,&'+ E(#)0#C-&"&'(%)*+ "/)
679=:L+!&)'+)D3'('+G3#(#C-'(&0&'(%)*+ ,'(+]&*)#$-(#)0,%C-&/)0B'*'[+ ,&'+ I%(+E(#)0#C-&"&'=
(%)*+"/)+679=:+4S3(')[+C#))+.&-+^&$4'+"/)+]-#-=@9Q=9%0&/)01(/-'&)')+'(4/$*')L+]&),+]-#-=
Q(/-'&)'+Z'&+,'(+]&*)#$-(#)0,%C-&/)+&)"/$"&'(-[+C/..-+'0+)#23+MC-&"&'(%)*+I%+'&)'(+N'()=
-(#)0$/C#-&/)+ ,'(+]-#-=Q(/-'&)'L+K&'0'+ C#))+.&--'$0+ ,'(+ ]-#-=@9Q=Q(/-'&)'+ #.+\&C(/0C/1
"&0%#$&0&'(-+B'(,')+<NO0-'(+_+^#%0'([+:XXX>+<MZZL+TLT:>L+K#Z'&+C#))+,%(23+?'(B'),%)*

















\&C(/0C/1+ Z'0-&..-+ <YdU=4#23'+ ?'(
),$%)*L
(+ ,&('C-')+ E(#)0#C-&"&'(%)*+ ,'
9=:+@')0+,%(23+,&'+]%Z0-#)I[








*(Of'(%)*>L+ MP+ "/(+ 69A=γ=J'3#),$%)*r+ JP+ T+ ]-%),')
0+ 7'1/(-'(*')C/)0-(%C-0[+ /3)'+ "/(3'(&*'+ 6)=
+CO))')+)'Z')+1/0--(#)0$#-&/)#$')+\/,&4&C#=











N('Z0+ &0-+ ,&'+ IB'&-3D%4&*0-'+ E/,'0%(0#23'+ &)+ 6),%0-(&'$D),'()L+ !&)+ ^#%1-#)$&'*')+ &0-+ '0
,'03#$Z+)'%'+\',&C#.')-'+4S(+,&'+E%./(-3'(#1&'+I%+')-B&2C'$)L+ 679=:+ &0-+ '&)+ -(#)0C(&1=
-&/)'$$'(+MC-&"#-/([+,'(+-%./(0%11('00&"'+!&*')023#4-')+#%4B'&0-L+6.+7#3.')+,&'0'(+M(Z'&-
B%(,'+'&)+E%./(./,'$$+'-#Z$&'(-[+.&-+ ,'.+,&'+ -%./(0%11('00&"'+H&(C%)*+"/)+ 679=:+#$0
E#(*'-+ 4S(+ '&)'+E%./(-3'(#1&'+ &)+ 1'(.#)')-')+c'$$&)&')+ %),+ -(#)0*')')+E&'(')+ '"#$%&'(-
B%(,'L+!0+Z#0&'(-+#%4+,'(+C/),&-&/)#$')+E(#)04/(.#-&/)+%),+,'(+,&44'(')-&'$$')+MC-&"&'(%)*
,'0+ E%./(0%11('00/(0+ %),+ C#))+ )'Z')+ ,'(+ E#(*'-"#$&,&'(%)*+ #%23+ I%(+ ?#$&,&'(%)*+ "/)






9S(+,&'+G3#(#C-'(&0&'(%)*+ -%./(0%11('00&"'(+!&*')023#4-')+"/)+ 679=:[+ 0/$$-'+ '&)+E%./(=
./,'$$+ ')-B&2C'$-+ B'(,')[+ ,#0+ ,&'+ C/),&-&/)#$'+ E(#)04/(.#-&/)+ "/)+ c'$$')+ '(.O*$&23-L
K%(23+,&'+?'(B'),%)*+,'0+-(#)0=('*%$&'(-')+-EM=]80-'.0+<@/00')+_+J%p#(,[+:XXT>[+Z#0&'=
('),+#%4+,'(+C/)0-&-%-&"')+!g1('00&/)+,'0+E(#)0#C-&"#-/(0+%),+,'(+!g1('00&/)+,'0+I%+%)-'(=




0-D),&*'+ 7'1('00&/)+ ,'0+ Q(/./-/(0+ I%(S2CI%4S3(')+ %),+ C/))-'+ ,%(23+ ,&'+ \'00%)*+ ,'0




6),%C-&/)03O3'+ "/)+ ,'(+ N/)I')-(#-&/)+ ,'0+ E(#)0#C-&"#-/(0+ #Z3D)*&*+ <]3/2C'--+ '-+ #$L[
dL+K6]NF]]6eA aX
:XXa>L+!&)'+ 3/3'+K/0&0+ ,'0+E(#)0#C-&"#-/(0+ &0-+ #%4+@(%),+ ,'0+?Q:Y=M)-'&$0+ I8-/-/g&023
%),+4S3(-+I%+'&)'.+h]j%'$23&)*+!44'C-hL+!0+3#-+0&23+#Z'(+*'I'&*-[+,#f+#%23+,'(+23(/./0/=
.#$'+b/C%0[+ &)+ ,')+ ,#0+ I%+ ('*%$&'('),'+@')+ &)-'*(&'(-+ '&)')+!&)4$%f+ #%4+ ,&'+ !g1('00&/)
3#Z')+C#))+<H&$0/)+'-+#$L[+:XXU>L+M%4+,&'0'+H'&0'+C#))+,&'+6)-'*(#-&/)+&)+'&)')+-(#)0C(&1=
-&/)'$$+ #C-&"')+b/C%0+ '&)'+"/$$0-D),&*'+7'1('00&/)+"'(3&),'()L+!&)+ 4S(+,&'+ ('*%$&'(-'+!g=
1('00&/)+ /1-&.#$'(+ *')/.&023'(+ b/C%0+ B&(,+ #$0+ 50&$')-+ Z%-+ #2-&"#-#Z$';+ Z'I'&23)'-+ %),






,&'+ E(#)0#C-&"#-/('g1('00&/)+ ,%(23+ ,')+ E'-(#I8C$&)=#Z3D)*&*')+ Q(/./-/(+ ('*%$&'(-+ B&(,L
A'Z')+'&)'(+!(3O3%)*+,'(+ &),%I&'(-')+MC-&"&'(%)*+,%(23+,&'+C%(I4(&0-&*+3/3'+!g1('00&/)
,'0+E(#)0#C-&"#-/(0+C#.+'0+I%+'&)'(+!()&',(&*%)*+,'(+J#0#$#C-&"&-D-+,'(+!g1('00&/)+&)+M)=





B'(,')+ <^/44.#)+'-+ #$L[+ :XXY>L+A#23-'&$'+ '&)'0+ 0/$23')+]80-'.0+ 0&),+ '&)'+ *'(&)*'('+!g=
1('00&/)+ ,'0+ TL+G&0-(/)0+ %),+ ,&'+ E#-0#23'[+ ,#f+ ,&'+ G#1=%)#Z3D)*&*'+ E(#)0$#-&/)+ &)+ "'(=
023&',')')+c'$$-81')+I%+%)-'(023&',$&23')+!g1('00&/)03O3')+4S3(-+ <J/(.#)+'-+#$L[+:XX`>L
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%),+J(:G>:Q#DE)EL+K&'+M%0B'(-%)*+ "/)+M%-/(#,&/*(#13&')+ '(4/$*-'+.&-+ M<15,#RI1"%
F,&4!'"#/)/+"/)+\/$'2%$#(+K8)#.&20L+K&'+J'#(Z'&-%)*+,'(+GGK=N#.'(#+M%4)#3.')+'(=
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Z&'(-+ %),+ )/23.#$0+ I')-(&4%*&'(-L+A%)+B&(,+.&-+ U[a+ $+ ^Te+ '()'%-+ *'B#023')L+K#0+ Q'$$'-
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